Background: Although safety-net hospitals (SNH) provide a valuable role serving vulnerable patients, the quality of gynecologic oncology care at these hospitals remains inadequately documented. We examined the quality of care at SNH for women with gynecologic cancers. Methods: We used the National Cancer Database to identify hospitals that treated patients with uterine, ovarian, or cervical cancer from 2004 to 2015. Hospitals with the greatest proportion of uninsured patients or Medicaid beneficiaries were defined as SNH. Quality metrics were derived from evidence-based recommendations. Thirty-day mortality, readmission rates, and 5-year survival were calculated. Multivariable models were developed to determine the association between treatment at SNH and outcomes. Results: Overall, 594 750 patients diagnosed with gynecologic cancer were treated at 1340 hospitals. Compared with non-SNH, patients at SNH were younger, more frequently racial minorities, low income, and had more aggressive histologies and advanced-stage tumors. SNH had lower rates of minimally invasive surgery for uterine cancer (62.3% vs 75.9%, P < .0001), debulking for ovarian cancer (83.6% vs 86.9%, P < .05), and lymph node assessment for all three cancer types (P < .05). Rates of chemotherapy for uterine and ovarian cancer was greater whereas concurrent chemoradiation for cervical cancer was lower (P < .05 for all). Thirty-day mortality and readmission rates were equivalent. Mortality was moderately worse for patients with stage IV ovarian cancer and stage II-III cervical cancer (P < .05) but were otherwise equivalent. Conclusions: After adjusting for patient and tumor characteristics, women with gynecologic cancers treated at SNH receive lower-quality surgical care and equivalent medical care and a subset of these patients has modest decreases in survival.
A number of studies have suggested that, even when controlling for a more complex patient population, the quality of surgical care at SNH remains inferior to the care rendered at non-SNH (7) . Patients at SNH less frequently undergo minimally invasive surgery, have longer lengths of stay, and higher readmission and postoperative mortality rates (8) (9) (10) (11) (12) . Within oncology, the data are mixed. Pancreatic cancer patients at SNH have equivalent surgical resection margins, chemotherapy rates, and 5-year stage-specific survival (13) . However, patients with glioblastoma are less likely to receive standard-of-care treatment and have reduced overall survival (14) .
For women with gynecologic malignancies, individual characteristics such as race and insurance status have been studied as predictors of outcomes. Yet beyond hospital and surgeon volume, the role of hospital characteristics in defining patient outcomes has been poorly described for this patient population. Specifically, the relationship between safety-net status and gynecologic cancer care remains unexplored. The objective of our study was to examine the quality of care, readmission rates, and survival of women with uterine, ovarian, or cervical cancer treated at SNH compared with those treated at non-SNH.
Methods

Data Source
We used the National Cancer Database (NCDB) for this analysis. NCDB is a nationwide oncology hospital registry developed and maintained by the American Cancer Society and the American College of Surgeons (15) . It captures approximately 70% of all patients with new cancer diagnoses at more than 1500 American hospitals affiliated with the Commission on Cancer (CoC). This study was deemed exempt by the Columbia University Institutional Review Board.
Study Cohort
We identified women diagnosed with an index diagnosis of invasive uterine, ovarian, or cervical cancer from 2004 to 2015. Figure 1 illustrates cohort selection. We used the unique facility identifiers to select hospitals at which these patients received care. The payer mix of each hospital was analyzed. The calculation of SNH status was based on the proportion of uninsured patients and Medicaid recipients within a specific hospital. The hospitals were stratified into quartiles based on these proportions. Patients with unknown insurance status (2%) were not included in this calculation or the analysis. Each hospital was classified into the following quartiles based on the proportion of patients who were uninsured or Medicaid recipients: lowest Medicaid payer mix, low Medicaid payer mix, high Medicaid payer mix, and highest Medicaid payer mix. Consistent with prior policy reports (3) , the hospitals comprising the highest Medicaid payer mix quartile were categorized as SNH (Figure 2 ). After the calculation of SNH, the study cohort was further restricted to include patients with pathologically confirmed invasive gynecologic cancers. Patients with multiple cancer diagnoses were identified by their first case of cancer.
Patient and Hospital Characteristics
Patient characteristics included cancer type (uterine, ovarian, cervical), patient's age (<40, 40-49, 50-59, 60-69, 70-79, and 80 years), race or ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and others), insurance status (private, Medicare, Medicaid, uninsured, and other government), zip code-level median household income (<$30 000, $30 000-$35 999, $36 000-$45 999, and $46 000), zip-code level education (29%, 20%-28.9%, 14%-19.9%, and <14% of adults without a high school diploma), and patients' residential location (metropolitan, urban, rural, and unknown). Comorbidities were reported based on the Charlson/Deyo comorbidity score and categorized as 0, 1, or at least 2 conditions (16) .
Hospital characteristics included region of the country (East, South, Midwest, West), facility type (community, comprehensive community, academic/research, integrated network), and hospital annualized volume for each cancer site calculated as the total number of patients divided by the number of years in which a given hospital treated at least one patient. 
Tumor Characteristics
Quality Metrics and Outcomes
Quality metrics for treatment were derived from evidencebased recommendations (Table 1) . For endometrial cancer, we evaluated the proportion of patients with stage I tumors who underwent minimally invasive hysterectomy (17) (18) (19) , lymph node assessment for women with stage IB grade 2 or 3, or stage II endometrioid adenocarcinomas (20, 21) , and the use of chemotherapy for stage III-IVB disease (22, 23) . For ovarian cancer patients, we assessed performance of debulking (cytoreduction and/or omentectomy) for patients with stage IIA-IV tumors (24) (25) (26) (27) (28) , proportion of lymph node dissection in cancer-directed surgery for patients with stage I-IIIB tumors (29) (30) (31) , use of chemotherapy for patients with high-risk early-stage tumors (stage IA/B grade 3, stage IC any grade, or stage IA/B/C clear cell) (32) (33) (34) , and use of chemotherapy for patients with stage III-IV tumors who underwent primary cytoreduction (35) . For patients with cervical cancer, we assessed performance of a radical hysterectomy (vs simple hysterectomy) for stage IA2, IB1, IIA1, and IIA2 patients who had hysterectomy (36) ; performance of pelvic lymph node dissection in patients with stage IA2, IB1, IIA1, and IIA2 tumors who underwent surgery (37) ; and use of concurrent chemotherapy in patients with stages IB2, IIA2, IIB, IIIA, IIIB, and IVA undergoing radiation treatment (38) (39) (40) .
For patients who underwent surgery, we assessed all-cause mortality and readmission within 30 days of the procedure. Five-year survival was measured from the date of diagnosis until last follow-up or death from any cause.
Statistical Analysis
Following hospital stratification, all analyses were conducted at the patient level. Differences in the distribution of categorical variables were assessed using chi-squared tests. The unadjusted rates of adherence to each quality metric were compared across the hospital quartiles by cancer site. Multivariable Poisson regression models based on the generalized estimating equations, to account for patients clustered within hospitals, were developed to estimate the association between treatment at SNH and adherence to each quality metric compared with the lowest quartile hospitals for each cancer site. This model was adjusted for patient demographics, tumor characteristics, and hospital factors. The results are reported as adjusted risk ratio with 95% confidence intervals (CI).
Survival analysis was restricted to patients diagnosed from 2004 to 2014 who had complete vital status data. Kaplan-Meier curves were used to calculate observed 5-year survival. Marginal multivariable Cox proportional-hazard models were developed to determine all-cause mortality differences between patients receiving services at SNH vs those at the lowest quartile hospitals after accounting for hospital clustering and observed confounders. To determine if treatment differences between hospitals may influence survival, we developed two models. In the first model, we adjusted for patient, tumor, and hospital characteristics. In the second model, we adjusted for cancer site-specific treatment (guideline-appropriate surgery, chemotherapy, and radiation therapy) in addition to those variables in the first model. Results are reported as adjusted hazard ratios (aHR) with 95% confidence interval. The assumption of proportionality was assessed by using Martingale residuals for each variable in the model.
Sensitivity Analysis
We undertook a series of sensitivity analyses to examine the robustness of the findings. In the first sensitivity analysis, we limited the cohort to only women who received all their care at the same hospital (ie, no hospital transfers). In the second, we defined SNH using the CMS cutoff of 30% for the volume of inpatient uninsured or Medicaid recipients.
All analyses were performed with SAS 9.4 (SAS Institute Inc, Cary, NC), and R 3.5.1 (Foundation for Statistical Computing, Vienna, Austria) with "ggplot2" package. All statistical tests were two-sided. A P value of less than .05 was considered statistically significant.
Results
Hospital, Patient, and Tumor Characteristics
We identified a total of 594 750 patients treated at 1340 hospitals (Table 2) . Facilities classified as SNH had an average of 20.7% (range¼15.8%-93.1%) uninsured or Medicaid patients ( Figure 2 ).
In contrast, hospitals in the lowest quartile had an average of 4.4% (range 0%-6.6%) of uninsured or Medicaid patients.
SNH had a higher relative percentage of patients with cervical cancer and a lower number of uterine cancer patients than other centers (P < .0001). Patients at SNH were younger (11.4% vs 6.7% were age <40 years), more frequently black (16.1% vs 6.8%) or Hispanic (13.6% vs 3.6%), and lived in metropolitan zip codes with lower income and lower educational attainment (P < .0001 for all). SNH were more commonly academic medical centers and more frequently located in the South (P < .0001 for both).
Among all three cancer types, women at SNH more commonly presented with advanced-stage disease (P < .0001 for all) ( Table 3) . Patients with uterine cancer at SNH more commonly had nonendometrioid histologic variants and more commonly had highgrade tumors (P < .001 for both). Patients with cervical cancer managed at SNH were more likely to have squamous cell tumors and moderate or poorly differentiated neoplasms (P < .0001 for both).
Quality of Care
Patients with uterine cancer treated at SNH were less likely to undergo minimally invasive surgery (62.3% vs 75.9%, P < .0001) and nodal assessment (77.8% vs 83.1%, P < .05) but more likely to receive chemotherapy (74.5% vs 73.3%, P < .05) for advancedstage disease (Table 4) . Patients with ovarian cancer who received care at SNH were less likely to undergo debulking surgery (83.6% vs 86.9%) or nodal assessment (65.3% vs 74.1%), but early and advanced-stage patients were more likely to receive chemotherapy at SNH than at the lowest quartile hospitals (72.0% vs 68.6% and 84.0% vs 81.8%, respectively) (P < .05 for all). Cervical cancer patients who received care at SNH were less likely to undergo radical hysterectomy (56.6% vs 56.1%) and 
Survival Analysis
Crude 5-year survival is presented in 
Sensitivity Analysis
We ran two sensitivity analyses to validate our results. These data are demonstrated in Supplementary Table 1 (available online). For the first sensitivity analysis, we limited the cohort to women who received their full course of care at a single hospital. None of the quality metrics or survival outcomes were changed from our original analysis. For our second sensitivity analysis, we limited the cohort of patients to those who received care at hospitals serving at least 30% uninsured or Medicaid patients (4.3% of hospitals). Notably, these hospitals had similar surgical volumes as those in the original SNH cohort. We found that differences in surgical quality indicators were more robust but that chemotherapy rates became equivalent. The survival disparities also resolved; the only survival disparity that persisted was in patients with stage III cervical cancer (aHR for overall mortality ¼ 1.13, 95% CI ¼ 1.02 to 1. 25) .
Discussion
These data demonstrate that women with gynecologic cancers treated at SNH receive a mix of guideline-adherent care and nonguideline-adherent care. Although they more commonly receive lower-quality surgical care than women treated at non-SNH, the rates of adjuvant chemotherapy are equivalent and sometimes higher at SNH. Readmission and 30-day mortality rates are equivalent, yet there is a modest decrease in overall mortality for patients with stage IV ovarian cancer and stage II-III cervical cancer seen at SNH. Importantly, although these differences are statistically significant given our large sample size, they may be less clinically significant and may in fact represent roughly comparable risk-adjusted outcomes between SNH and non-SNH. The disparities in surgical care between SNH and non-SNH that we identified are consistent with studies from other tumor sites that have noted similar trends. Patients with early-stage non-small cell lung cancer are less likely to undergo curative intent surgery at SNH and patients with glioblastoma managed at SNH are less likely to receive trimodal therapy, undergo gross total resection, receive radiation, and chemotherapy (14) . However, in contrast, hospital safety-net status does not affect the rates of complete resection, radiation therapy, and chemotherapy for patients with pancreatic cancer or rectal cancer (13, 41) . Factors that influence quality of care at SNH may vary by procedure type and require further investigation. Interestingly, for gynecological cancers, we found that although the quality of surgical care at SNH was lower than at non-SNH, receipt of evidence-based chemotherapy was higher at SNH for uterine and ovarian cancer patients. Plausibly, based on our lymph node assessment data, these patients are more often incompletely staged, in which setting these patients generally would receive adjuvant chemotherapy.
The association between treatment at an SNH and survival were modest. The most pronounced survival difference we found was for women with stage II-III cervical cancer: those who require complex multimodal therapy with chemotherapy, external beam radiation, and brachytherapy. Adjusting for treatment in our model did not statistically significantly affect overall mortality rates. This is consistent with other work that demonstrates persistent survival differences between SNH and non-SNH despite adjusting for treatment (42) . What may affect survival more than the exact treatment regimen are the uncaptured challenges in coordination of care, such as treatment delays, loss to follow-up, lower access to primary care, and preventive health services that are experienced at a disproportionately higher rate for patients who receive care at SNH compared with non-SNH (43, 44) . We found no association between site of care and immediate perioperative outcomes such as readmission and 30-day mortality. Given the complex social situation of many underinsured patients who are treated at SNH, these findings underscore the importance of comprehensive risk adjustment in calculating these publicly available and frequently cited quality metrics (45) . Controlling both for patient and hospital factors generally seems to eliminate the differences in crude rates of 30-day readmission and mortality. For patients undergoing major cancer surgery, risk-adjusted readmission rates have been (46) . Our definition of SNH relied on previously described classification criteria (8, (11) (12) (13) (14) 41, 47) . However, the hospitals classified as SNH are highly heterogeneous and include a mix of academic medical centers, low-volume community hospitals, and urban teaching facilities. Interestingly, when we limited our safety-net cohort to the top approximately 5% of hospitals that cared for the greatest proportion of uninsured or Medicaid gynecologic cancer patients (30%, based on CMS cutoff), the disparities in surgical quality indicators became more pronounced, whereas the disparities in 5-year survival nearly all resolved. Disentangling predictors of quality among SNH and their relationship with outcomes clearly warrants further investigation. Second, although 70% of cancer cases are estimated to be captured within the NCDB, it is limited to CoC-accredited centers, and the hospitals that are not represented in this database may be disproportionately low resourced. These non-CoC centers with 30% of cancer cases may be low volume or have other resource constraints that affect their ability to join the CoC registry and may also affect the quality of care provided to their patients. With this selection bias in mind, we anticipate that the minimal differences we observed in some quality indicators may be an underestimate of the true differences. Third, NCDB does not identify dualenrolled Medicaid and Medicare patients, so the quartile calculation may be skewed to be more restrictive in its cutoff because the elderly poor would not be included. Lastly, we are unable to account for a number of unmeasured complex social and clinical factors that likely influenced the medical decision making involved in delivering surgical and medical care in our cohort. Drivers of inequity affect patients at multiple levels, from cancer predisposition to systematic barriers in accessing high-quality care, and retrospective study design is limited in assessing variables that cannot be quantified or are not collected.
The quality of surgical oncologic care at SNH faces a number of ongoing challenges. First, many national efforts to promote value-based care provide incentives and disincentives based on adherence to quality metrics and short-term outcomes. Implementation of many of these programs will be challenging for SNH and may financially penalize the most vulnerable hospitals. Second, ongoing trends to concentrate surgical oncological care to high-volume centers may have direct effects on reducing volume at SNH, many of which are not high-volume centers. The possible improvements in outcomes with concentration of care away from SNH must be balanced against the burden these efforts place on vulnerable patient populations that may find it difficult to travel to receive needed care. To avoid widening the racial and socioeconomic disparity gap in patient outcomes, efforts to centralize care must be coupled with evidence-based efforts to make care logistically and financially accessible to all patients.
Overall, this paper contributes to the data demonstrating that surgical care at SNH can be mixed in quality and outcomes. Although more granular data are needed to further investigate these disparities in quality and outcomes, more important work lies in actually eliminating these disparities in care. The American Society of Clinical Oncology established the Health Equity Committee in 2003, the Rural Cancer Care Task Force this year (48) , and a series of resource-stratified guidelines (49) with the intention to improve quality of care for targeted populations (50) . Kaiser Permanente has piloted the use of social diagnostic codes to identify and address social determinants of health, integrating Electronic Health Record order sets that can trigger referrals for counseling or various social services (51) . Recently, the American Medical Association and the UnitedHealth Group have announced a collaboration to create similar billing codes for social determinants of health, which will likely broaden their impact (52) .
In sum, these data demonstrate that for women with gynecological malignancies, the quality of surgical care at SNH is lower than at non-SNH facilities; however, other factors that influence cancer outcomes, such as systemic and local treatment, are similar. Despite lower-quality surgical care, survival differences for women treated at SNH and non-SNH are modest. Further research is needed to determine which specific characteristics of SNH affect the provision of quality surgical care for gynecological cancer patients. A concerted effort will be needed to enact the systemic changes necessary to improve quality of care without reducing access for our most vulnerable patients.
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